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(57) Apparatus for supplying natural gas fuel to heat 
the boilers 42 of an ocean-going tan kerf or the transport 
of LNG comprises a compressor 12 having an inlet com- 
municating witli the ullage space 4 of at least one LNG 
storage tank 2 and an outlet communicating with a con- 



duit 22 leading from the compressor 12 to fuel burners 
40 associated with the boilers 42, and a forced LNG va- 
poriser 24 having an inlet communicating with a liquid 
storage region of the said tank 2 and an outlet commu- 
nicating with the same or a different conduit 22 leading 
to fuel burners 40 associated with the boilers 42. 




CNI 
< 
CO 

1^ 

LO 



4wf 



CM 



Lil 



7^ 



©--26 



FIG. 1 



Printed by Jouve, 75001 PARIS (FR) 



1 

Description 

[0001] This invention relates to apparatus for supply- 
ing natural gas fuel for the purpose of heating the boilers 
of tankers that transport liquefied natural gas (LNG). 5 
[0002] An LNG tanker is conventionally propelled by 
one or more steann turbines. The tanker is thus provided 
with boilers to raise the steann. About 50% of the fuel 
that is required to be burnt in order to raise the steann 
provided from the LNG storage tanks thennselves of the io 
tanker. Since liquid natural gas has a boiling point at a 
temperature of about minus 162°C, even though the 
storage tanks are thermally insulated, the boiling point 
of liquid natural gas Is so low that there is inevitably a 
continuous boil-off of LNG from the tankers, albeit at a is 
modest rate. Conventional operation is to employ such 
natural boil-off to meet a part of the requirements forfuel 
of the boilers. The balance is met from a stock of a heavy 
hydrocarbon liquid fuel, sometimes referred to as "bun- 
ker oil". 20 
[0003] It is however required that the tanker should 
have the capability of generating sufficient thermal en- 
ergy from the combustion of the natural gas alone to 
raise all the steam required for its propulsion. Accord- 
ingly, the apparatus for supplying natural gas to the 25 
burners associated with the boilers additionally includes 
a forced vaporiser. In the tanker apparatus that has been 
used for the past 20 years there is a natural gas com- 
pressor which receives part of its feed from the ullage 
space of the LNG storage tanks and the remainder from 30 
the forced vaporiser. The forced vaporiser has an outlet 
temperature in the order of minus 40°C, chosen to be 
well above the dew point of the natural gas so as to en- 
sure that there is no precipitation of liquid droplets in the 
inlet to the compressor. On the other hand the temper- 35 
ature of the natural gas taken from the ullage space of 
the tanks tends to be in the range of minus 100°C to 
minus 140°C, the lattertemperature obtaining when the 
tanker is fully laden with LNG, the former temperature 
obtaining when the tanker retums from making a deliv- 40 
ery, a small amount of LNG having been retained for 
purposes of keeping the storage tanks at a suitable low 
temperature. In practice, therefore in this conventional 
apparatus the compressor has to be arranged so that it 
can operate at any natural gas inlet temperature In the 45 
range of minus 40°C to minus 140°C. At the lower tem- 
perature the adiabatic work required to compress the 
gas is in the order of 20 to 25kJ/kg whereas at the higher 
temperature it is in the order of 50 to 60 kJ/kg. The motor 
which drives the compressor therefore has to be able to so 
cope with a wide range of duties. Typically, the motor is 
either provided with a frequency converter or is of a plu- 
ral speed kind. Other disadvantages arise. In particular, 
it is necessary to employ a mist separator downstream 
of where the gas from the forced vaporiser is mixed with 55 
the natural boil-off gas so as to ensure that no particles 
of liquid are carried into the compressor, such particles 
being a potential source of liquid erosion damage to the 
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impeller of the compressor. 

[0004] There is therefore a need for an improved ar- 
rangement for providing natural gas as a fuel to raise 
steam in the boilers of the tanker and the invention aims 
at providing an apparatus that meets this need. 
[0005] According to the present invention there is pro- 
vided apparatus for supplying natural gas fuel to heat 
the boilers of an ocean-going tanker for the transport of 
LNG comprising a compressor having an inlet commu- 
nicating with the ullage space of at least one LNG stor- 
age tank and an outlet communicating with a conduit 
leading from the compressor to fuel burners associated 
with the boilers, and a forced LNG vaporiser having an 
inlet communicating with a liquid storage region of the 
said tank and an outlet communicating with the same or 
a different conduit leading to fuel burners associated 
with the boilers. 

[0006] The invention makes it possible to operate the 
compressor within a narrower temperature range, typi- 
cally minus 140°C to minus 100°C, thereby reducing 
greatly the amount of work required to compress the nat- 
ural gas to a given pressure. As a result, a single speed 
motor without a frequency converter can typically be 
used to drive the compressor. Accordingly, the compres- 
sor drive arrangement is simplified. In addition, the pow- 
er consumed by the compressor is reduced. There are 
two reasons for this. First, its average operating temper- 
ature is lower than in the known apparatus described 
above. Accordingly, the work needed to raise a unit 
quantity of this gas by a chosen pressure is less than in 
the known apparatus. Second, because the forced va- 
poriser exhausts downstream of the compressor the 
rate of gas flow through the compressor is reduced in 
comparison with the known apparatus. 
[0007] Preferably, the forced vaporiser has a second 
valve means to control the flow associated therewith a 
first valve means operable to select its outlet tempera- 
ture and a second valve means to control the flow rate 
of gas therethrough. 

[0008] Typically, there is a gas heater downstream of 
the compressor. If the forced gas vaporiser communi- 
cates with the same conduit as the outlet from the com- 
pressor, the location in this conduit at which the forced 
vaporised gas encounters the compressed gas is pref- 
erably downstream of the gas heater 
[0009] An apparatus according to the invention will 
now be described by way of example with reference to 
the accompanying drawings in which: 

Figure 1 is a schematic flow diagram of a first em- 
bodiment of the apparatus; and 

Figure 2 is a schematic flow diagram of a second 
embodiment of the apparatus. 

[0010] Like parts in Figures 1 and 2 are indicated by 
the same reference numerals. 

[001 1] Referring to Figure 1 of the drawings, an LNG 
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storage tank2 is located on board an ocean-going tank- 
er (not shown). The tank 2 is vacuum-insulated or has 
another form of thermal insulation associated therewith 
so as to keep down in flow of heat from the ambient en- 
vironment into the liquid therein. The tank 2 has an ul- 
lage space 4 and contains a volume 6 of LNG. Since 
LNG boils at a temperature well beiow ambient, notwith- 
standing the thermal insulation of the tank 2, there is a 
continuous evaporation of the LNG into the ullage space 
4. The resulting vaporised gas flows out of the tank 2 
though an outlet 8 and passes along a pipeline 10 to a 
compressor (or blower) 12. The compressor 1 2 is driven 
by an electric motor 14. The motor typicaliy has a single 
speed and does not employ a frequency converter. The 
pressure of the gas is raised by operation of the com- 
pressor 12, The heat of compression is not nearly suf- 
ficient to raise the temperature of the gas being com- 
pressed to ambient temperature, such temperature be- 
ing required for the operation of the boilers. The result- 
ing compressed gas therefore passes through a gas 
heater 1 6 in which it is heated by steam (or other heating 
medium, e.g. hot water) so as to raise its temperature 
to approximateiy ambient temperature. To avoid over- 
heating the gas, temperature control is provided by a 
valved by-pass line 20 extending from upstream to 
downstream of the gas heater 1 6. As a further measure 
of temperature control, the gas heater has on its up- 
stream side a flow control valve 18 which is able to set 
so as to select the outlet temperature therefrom. The 
resulting heated gas passes into a conduit 22 in which 
it mixes with a second flow of vaporised natural gas. 
[0012] The second flow of vaporised natural gas is 
formed by employing a forced vaporiser 24 to vaporise 
a flow of LNG taken by a submerged pump 26 from the 
volume 6 of LNG within the tank 2. The outlet of the 
pump 26 communicates with the forced vaporiser 24 via 
a riser 28. A pressure control valve 48 opens a pipe 50 
to allow liquid to be returned to the storage tank 2 for 
different flow rates through the vaporiser 24. The forced 
vaporiser 24 has an enlarged superheating section to 
enable an outlet temperature of plus 20°C to be readily 
achievable. The forced vaporiser 24 has an arrange- 
ment of valves similar to that associated with the gas 
heater 16. Thus, there is a first flow control valve 30 on 
the upstream side of the vaporiser 24 to set the outlet 
pressure of the heater 1 6 so that it is equal to the outlet 
pressure of the compressor 1 2, and a valved by-pass 
line 32 extending from upstream to downstream of the 
vaporiser 24 to control the outlet temperature of the va- 
pour. The vaporiser 24 is typically of a kind which em- 
ploys steam heating to raise the temperature of the flu id 
flowing therethrough. 

[001 3] The mixture of the gas supplied from the heater 

1 8 and that supplied from vaporiser 24 passes through 
a master flow control valve 38 into burners 40 associat- 
ed with boilers 42 in the engine room 44 of the tanker. 
The master flow control valve 38 is located in operation, 
the heat generated by firing of the burners 40 raises 



steam in the boilers 42. Steam is used to drive a turbine 
(not shown) that provides propulsive power for the tank- 
er. 

[001 4] The apparatus according to the invention pref- 
5 erably has various safety measures to cope with any un- 
expected operating conditions. For example, a surge 
valve 46 automatically opens a by-pass around the com- 
pressor 12 should a surge condition in the compressor 
1 2 occur. Similariy, the submerged pump 26 is protected 
10 by the minimum flow by-pass valve 48 as described 
above. 

[0015] In atypical example of the operation of the ap- 
paratus shown in the drawing, the compressor 12 re- 
ceives boil-off gas from the ullage space 4 of the tank 2 

15 at a temperature of minus 1 40° C and as (absolute) pres- 
sure of 106 kPa. The gas is duly raised in pressure by 
operation of the compressor 12 to a pressure of 196 
kPa. The exit temperature of the compressor 1 2 is in the 
order of minus 110°C.Thegas heater 18 raises the tem- 

20 perature of the gas from minus 110°G to plus 20°C. 
There is a small drop in pressure through the gas heater, 
typically in the order of 10 kPa. The gas which leaves 
the heater 18 is mixed with a gas stream at the same 
temperature and pressure from the forced vaporiser 24. 

25 The feed to the forced vaporiser 24 is provided by the 
pump 26 at a pressure in the range of 300 kPa to 500 
kPa and a temperature in the order of minus 1 60°G. 
[0016] The above example applies to an instance in 
which the tank 2 is fully laden with LNG. Typically, not 

30 all the LNG is delivered at the tanker's destination. 
Some is retained for the purposes of cooling the storage 
tank 2 during the return journey to the LNG supply ter- 
minal. Typically, since the storage tank 2 contains much 
less LNG on the return journey, the temperature in the 

35 ullage space rises to something in the order of minus 
1 00°C. Accordingly, the temperature of the outlet of the 
compressor 12 rises to about minus 70°G. 
[001 7] Although only one storage tank is shown in the 
drawing, in practice, a single assembly of compressor, 

40 gas heater and forced vaporiser is able to serve any 
number of storage tanks. The LNG tanker is typically 
required to have a standby compressor 56, a standby 
(off-line) gas heater (not shown) and a standby vapor- 
iser (not shown) which can be used in the event of any 

45 malfunction of the on-line components. 

[0018] By having forced vaporiser 24 discharge into 
the heated gas stream rather than into the gas stream 
upstream of the compressor, a number of advantages 
can be obtained. Firstly, a simple single speed motor 1 4 

50 may be employed to drive the compressor 1 2. Secondly, 
the size of the compressor 1 2 and the motor 1 4 may be 
reduced. Thirdly, because the compressor receives only 
natural gas from the ullage space 4 of the vessel 2, and 
does not have the output of the forced vaporiser mixed 

55 with it, its control is simplified. Fourthly, because a small- 
er motor can be used, energy savings result. In addition, 
energy savings are made possible by virtue of the fact 
that the gas from the forced vaporiser does not have to 
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be recom pressed. 
[0019] Another advantage resides in tine fact that no 
mist separator downstream of either the forced vapor- 
iser or upstream of the compressor is required. 
[0020] Typically the pump 26 is one that is normally 
provided in thetanl<2for other purposes. Thus, no ded- 
icated liquid pump needs to be installed. 
[0021] Various changes and modifications may be 
made to the apparatus shown in the drawing. For exam- 
ple, outlet from the forced vaporiser 24 may communi- 
cate with a conduit (not shown) other than the conduit 
22. Further the other conduit may communicate with a 
different burner or burners (not shown) from the ones in 
communication with the conduit 22. In this alternative 
arrangement, the discharge pressure of the compressor 
12 would be lower and therefore its size would be less 
than that shown in the drawing. Further, the flow control 
systems of the compressor 12 and the vaporiser 24 
would become completely independent of one another. 
In addition, control of the operation of the burners would 
be facilitated. Such an arrangement is shown in Figure 
2 of the drawings. Now, only some of the burners 40 
communicate with the conduit 22. The remainder of the 
burners 40 communicate via a flow control valve 60 with 
the vaporiser 24. The flow control valve 60 controls the 
flow or pressure downstream of the vaporiser 24. Now 
the valve 30 is a temperature control valve which sets 
the downstream temperature. Typically, for low flow 
rates from the vaporiser 24 the pressure drop is insuffi- 
cient to provide an adequate flow through the by-pass 
line 32. Accordingly, if the by-pass line 32 is fully open, 
the position of the valve 30 is adjusted so as to throttle 
the inlet to the vaporiser 24 and hence cause more liquid 
to flow through the by-pass line 32. Typically, a split 
range control may be used to adjust the valve 30 and 
the valve in the by-pass iine 32. Thus a 0 to 50% signal 
can be employed to open the valve in the by-pass line, 
and the remaining 50 - 100% signal is employed to op- 
erate the valve 30 so that it throttles the inlet to the va- 
poriser 24. The same control principle may be used in 
the operation of the gas heater 1 6. 
[0022] I n a modification of the apparatus shown in Fig- 
ure 1 , the union of the conduit 22 with the outlet conduit 
from the vaporiser 24, and the valve 38 may both be 
located within the engine room 44. 



Claims 

1 . Apparatus for supplying natural gas fuel to heat the 
boilers of an ocean-going tanker for the transport of 
LNG comprising a compressor having an inlet com- 
municating with the ullage space of at least one 
LNG storage tank and an outlet communicating with 
a conduit leading from the compressor to fuel burn- 
ers associated with the boilers, and a forced LNG 
vaporiser having an inlet communicating with a liq- 
uid storage region of the said tank and an outlet 
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communicating with the same or a different conduit 
leading to fuel burners associated with the boilers. 

2. Apparatus according to claim 1 , in which the outlet 
5 of the compressor and the outlet of the forced LNG 

vaporiser communicate with a common conduit. 

3. Apparatus according to claim 1 , in which the outlet 
of the compressor and the outlet of the forced LNG 

10 vaporiser communicate with different conduits. 
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